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Abstract

Background: Metatarsalgia is a common foot condition. The metatarsophalangeal stabilizing taping technique
described by Yu et al. has shown good clinical results as a provisional treatment in propulsive metatarsalgia. * The Fix-
toe Device®, a novel orthopedic device, intends to simulate stabilizing tape. However, to date, there is no evidence of
its effectiveness. The aim of this study was to assess plantar pressure changes using the Fixtoe Device®, in comparison
with the traditional method (stabilizing tape) in a young, healthy sample thorough a cross-sectional study.

Methods: Maximal pressure (Kpa) and pressure—time integral (Kpa/s) in the second metatarsal head were measured
in twenty-four healthy volunteers. Registers were taken in four different conditions: barefoot, traditional stabilizing
tape, Fixtoe Device® without metatarsal pad, and Fixtoe Device® with metatarsal pad.

Results: Mean second metatarsal head maximal pressure and mean pressure—time integral showed statistical differ-
ence among the four analyzed conditions (p <0.0001 in both cases). The improvement in maximal pressure and pres-
sure-time integral obtained in each intervention also showed significance (p <0.0001 in both cases). Comparing the
improvement of the Fixtoe Device® with and without metatarsal pad with that of tape condition showed a moderate
to high and moderate effect size for both peak pressure and pressure—time integral reduction.

Conclusions: The Fixtoe Device® reduces median maximal pressure and median pressure—time integral under the
second metatarsal head in healthy young individuals. The Fixtoe Device® shows higher effectiveness than the tradi-
tional second metatarsophalangeal joint stabilizing taping technique. To our knowledge, this is the first investigation
proving the effectiveness of the recently developed Fixtoe Device® in terms of plantar pressure modification, which
leads the way to its use in clinics.

Keywords: Metatarsophalangeal joint, Joint subluxation, Foot, Metatarsalgia, Conservative treatment, Cross-sectional
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Background

Metatarsalgia is a common foot condition, although there
is no robust statistical data on its prevalence. Previous
studies have reported that forefoot pain is relatively more
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the patients’ quality of life. Nevertheless, epidemiological
studies do not differentiate whether the pain is related to
the metatarsophalangeal joint itself or to other anatomi-
cal structures in the forefoot [6, 9, 11, 33].

Propulsive metatarsalgia occurs during the push-off phase
of the gait cycle. During this phase, ground reaction forces
increase in the forefoot’s region. Metatarsal bones are then
exposed to axial compressive forces. The maximal dorsiflex-
ion range in metatarsophalangeal joints is then detected. As
a result, the metatarsophalangeal joint capsule and plantar
plate are under both tensile and compressive forces.

Overload in certain metatarsophalangeal joints, mainly
the second and third, leads to pathologic conditions.
Second-space syndrome (also known as pre-dislocation
syndrome), causing propulsive metatarsalgia, is charac-
terized by metatarsophalangeal joint instability leading to
synovitis and deformity in sagittal and transverse planes
as a consequence of joint capsule distension and damage
to collateral ligaments and plantar plate [3, 6, 14, 25].

Repetitive overloading under the metatarsal heads
causes metatarsalgia. The origin of metatarsal pain is
related to the magnitude of the pressure received and
the duration of the load [28]. The excess pressure in the
area can be reduced by adequately applying conserva-
tive or surgical treatment. According to the available lit-
erature, plantar pressure reduction in central metatarsal

Page 2 of 8

heads is related to pain reduction. In clinical practice,
routine plantar pressure measurements are useful to
monitor plantar pressure variations before and after
treatment [1, 2, 6, 8, 22, 25].

Conservative treatment aims to control biomechanical
disorders causing metatarsal overload in order to reduce
local plantar pressure and lead the patient to a subclini-
cal condition, slowing down deformity progression [6, 20,
34]. Multiple conservative options have been described,
such as nonsteroidal anti-inflammatory drug administra-
tion, physical therapy, plantar foot orthosis, cushioning
metatarsal pads and footwear modifications [18, 32, 35].

The metatarsophalangeal stabilizing taping technique
described by Yu et al. has shown good results as a pro-
visional treatment in propulsive metatarsalgia, reduc-
ing the risk of phalanx dorsal luxation and synovitis,
although, in order to be effective, it may have to be car-
ried out for several months [18, 30, 35]. As described, the
stabilization technique is made using thin strips of tape
(approximately 25 mm wide). The tape is placed dorsally
proximal on the toes and fixed in the plantar aspect of
the MTP joints, as shown in Fig. 1 [35]. Its main disad-
vantages are the need to place it at home by the patient
and skin lesions by contact with the adhesive [3].

The Fixtoe Device® (Fixtoe Device SL, Elda, Spain), a
novel orthopedic device recently designed by Spanish

Fig. 1 Measured interventions. A Traditional stabilizing tape; B Fixtoe Device® without metatarsal pad; C Fixtoe Device® with metatarsal pad
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podiatrists, intends to simulate stabilizing tape. It con-
sists of movable elastic straps anchored to an adjustable
elastic band, which is placed around the forefoot and a
removable metatarsal pad. The straps are placed on the
dorsal surface of the forefoot and taken to its plantar
aspect by the second, third, or fourth interdigital space,
providing a plantarflexion moment to the metatar-
sophalangeal joints involved (Fig. 1). The straps’ plantar
anchoring has a horseshoe discharge function.

The application technique is similar when using tradi-
tional stabilizing taping or the Fixtoe Device®. Besides
the cushioning pad, the major differences are the greater
thickness of the device’s straps (about 2 mm in Fixtoe
Device®) and their elasticity.

To date, we are unaware of any investigation that has
evaluated the effectiveness of Fixtoe Device® to reduce
the plantar pressure. Due to similar characteristics with
the taping technique, we hypothesized that the Fixtoe
Device® could obtain comparable effects in the reduction
of metatarsal plantar pressure [3, 6, 18, 30, 35].

The aim of the study is to assess plantar pressure
changes within a comparison between a novel orthope-
dic device (Fixtoe Device®) and the traditional stabilizing
tape [35] in young, healthy individuals.

Methods

A cross-sectional study and carried out in a podiatry
clinic in Madrid, Spain. The design of the study took
place during January 2020. Subsequently, 24 individu-
als were clinically evaluated consecutively and asked to
participate. Data records took place from February to
March 2020. Participants’ verbal informed consent was
obtained, and their rights were protected according to
the study protocol approved by the corresponding Ethics
Committee.

Participants

Participants were healthy volunteers > 18 years old who
did not refer to pain in the metatarsal region within the
last year and did not show lower limb morphological or
functional alterations. Individuals with a history of foot
and ankle surgery were excluded.

Variables

Clinical evaluation

Clinical measures evaluated in the present investigation
were: functional hallux limitus, classified as present or
absent according to functional hallux limitustest positive
(present) or negative (absent) results [4]; active extension
range of mobility of the first metatarsophalangeal joint,
measured with a manual goniometer whose center was
placed medial to the center of the first metatarsal head,
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with one of its arms perpendicular to the floor and the
other aligned to the proximal phalanx of the hallux; with
the participant standing on its Fick’s angle (expressed in
degrees) [16]; and the spatial orientation of the subtalar
joint axis, classified as medial, neutral, or lateral accord-
ing to the technique described by Kirby [21].

All clinical measures were registered by the same
investigator.

Main outcomes

The main outcome measures were maximal pressure
(Kpa) and pressure—time integral (Kpa/s) in the second
metatarsal head, measured in each condition.

Maximal pressure and pressure—time integral varia-
tions are frequently chosen in the literature as the main
outcome measures when evaluating orthopedic devices;
since the increase of pressure at a certain area and the
duration of the application of the load have previously
been related to the origin of pain in the foot [22, 28, 29].

Maximal pressure and pressure—time integral
improvement were considered as the decrease between
basal condition and each intervention and was
expressed as the change in the means (A).

A 2-m long dynamic pressure measurement system
(Footscan® system, RSscan International, 3583 Olen,
Belgium) was used to record the main outcome meas-
ures. The employed hardware consisted of a 2-m plate
with four sensors per cm? and a 3D-Box interface syn-
chronized with a motion capture system. Data were
recorded at a 500 Hz measurement frequency and
processed using Scientific Footscan® software (RSscan
International, 3583 Olen, Belgium).

The plantar pressure register was taken in four dif-
ferent conditions. On the first place, the participants’
basal condition was registered: 1) barefoot. Then, the
registers of the three conditions considered as inter-
ventions were taken: 2) traditional stabilizing tape, 3)
Fixtoe Device® without a metatarsal pad, and 4) Fixtoe
Device® with a metatarsal pad.

Second and third metatarsophalangeal joints were
stabilized using the taping technique described by
Yu et al. in the second condition and holding them
with the Fixtoe Device® straps in conditions 3) and 4)
(Fig. 1) [35].

A clinician with more than 3 years of experience in the
use of the tape technique performed all applications of the
different interventions in the dominant foot of each patient.

Following the data collection protocol on our group
[24], participants were asked to walk in all the conditions
for 3 min in the lab in order to normalize their gait pat-
tern and walked a 1.5-m straight distance before reaching
the platform, then the second step on the platform was
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recorded. This procedure was repeated three times in all
conditions.

Another investigator, who was blinded to the order
of the application of conditions, performed the plantar
pressure register.

Statistical analysis
Statistical analysis was performed using SPSS statistics
version 25.0 for Mac OS (SPSS, Chicago, IL, USA).

The statistical analysis of the results was performed
using the mean value of the three registers, calculated
for each condition.

Quantitative variables were presented as mean and
standard deviation or as median and interquartile
range. Qualitative variables were presented as frequen-
cies and percentages. The normal distribution of quan-
titative variables was tested using the Shapiro—Wilk
test.

Analysis of variance for repeated measures was used
to explore the difference in maximal pressure and pres-
sure—time integral among the four studied conditions
(barefoot vs. stabilizing tape, barefoot vs. Fixtoe Device®
without a metatarsal pad, barefoot vs. Fixtoe Device®
with metatarsal pad, stabilizing tape vs. Fixtoe Device®
without a metatarsal pad, stabilizing tape vs. Fixtoe
Device® with metatarsal pad and Fixtoe Device® with-
out metatarsal pad vs. Fixtoe Device® with metatarsal
pad), and the change in the means in each intervention.
Paired comparisons of the improvement among the three
interventions were performed. Bonferroni correction was
applied to the paired comparison’s p-values and mean
differences’ confidence intervals.

To determine the clinical relevance of maximal pres-
sure and pressure—time integral values’ improvement
after interventions, the effect size was calculated for
each of them with 95% confidence intervals. Cohen’s d
was calculated as described by Lenhard and Lenhard
for repeated measures with the pooled standard devia-
tion and considering Pearson correlation [23]. Effect size
cut-off values were established according to Ferguson’s
criteria suggesting a small, moderate, or large, meaning-
ful difference when d equals or exceeds 0.41, 1.15 or 2.7,
respectively [7]. P values<0.05 were considered statisti-
cally significant, with 95% confidence intervals.

Results
Data of demographics and clinical evaluation of the 24
healthy individuals included in the study are shown in
Table 1. The Shapiro—Wilk test showed a normal distri-
bution for the quantitative variables.

Table 2 shows the mean maximal pressure and pres-
sure—time integral in the second metatarsal head for
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Table 1 Participants'demographics and clinical evaluation

(n=24 participants)

Male n (%) 11 (45.8)

Female n (%) 13 (54.2)

Age (years). median (IQR) 24 (23—25)

BMI (kg/cmz)‘ median (IQR) 21.95 (19.89-23.83)
Ist MTPJ extension (degrees). median (IQR) 46.0 (40-52)
Functional Hallux Limitus (positive FHL test). n (%) 8(33.3)

Spatial orientation of the STJ axis

Medial STJ axis. n (%) 19 (79.2)
Neutral STJ axis. n (%) 4(16.7)

Lateral STJ axis. n (%) 1(4.2)

IQR Interquartile range, BMI Body mass index (kg/cm?), MTPJ
Metatarsophalangeal joint, FHL test functional hallux limitus test, STJ subtalar
joint

the barefoot, stabilizing tape, Fixtoe Device® without
metatarsal pad and Fixtoe Device® with metatarsal pad
conditions.

Plantar pressure decreased with Fixtoe Device® in
comparison with the barefoot condition (198.0+13.4
Kpa) in both cases: without metatarsal pad (125.1£9.7
Kpa, p<0.0001 [range, 52.7-93.1]) and with metatarsal
pad (106.2 £ 9.0 Kpa; p <0.0001 [range, 67.5-116.0]).

It also showed significance regarding the improve-
ment (A) in maximal pressure and pressure—time integral
obtained in each intervention: A 72.9 (4 7.8) for maximal
pressure comparing Fixtoe Device® without metatarsal
pad vs. barefoot condition and A91.7 (+9.4) for maximal
pressure comparing Fixtoe Device® with metatarsal pad
vs. barefoot condition. A posteriori paired-comparison
tests with Bonferroni correction showed significance in
the improvement in terms of maximal pressure and pres-
sure—time integral with the three studied interventions.

Figure 2 serves as a clear visual example of the variation
in pressure distribution in the whole plantar print gener-
ated in the four analyzed conditions.

According to Ferguson’s criteria [7], comparing the
improvement of the Fixtoe Device® with and without
metatarsal pad with that of tape intervention showed a
moderate to high and moderate effect size for both peak
pressure (Cohen’s d 1.45 and 2.36, respectively) and pres-
sure—time integral reduction (Cohen’s d 1.86 and 2.53,
respectively). The comparison between the reduction
observed in both Fixtoe Device® modalities showed a
weak effect size (Table 3).

Discussion

All interventions evaluated in this study were effective at
reducing both maximal plantar pressure and pressure—
time integral under the second metatarsal head in healthy
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Table 2 Main outcome measures'results
Pmax (Kpa) A 95% CI° p-value® P-T (Kpa/s) A 95% CI° p-value®
Barefoot 198.0 (£ 13.4) 36.5 (£2.6)
Stabilizing tape 166.2 31.7 149 -485 <.0001 30.2 6.3 28-97 <.001
(*125) (£6.5) (+1.9) (£13)
Fixtoe Device® 125.1 729 52.7-93.1 <.0001 214 15.1 104-198 <.0001
(+£9.7) (+7.8) (£1.5) (+£1.8)
Fixtoe Device® w/ 106.2 91.7 67.5-116.0 <.0001 182 18.2 133-232 <.0001
metatarsal pad (£9.0) (£94) (£1.5) (*19)

Pmax maximal pressure, 95% Cl 95% confidence interval, P/T Pressure-time integral. Mean (£ SEM)

a—b

p-value and 95% Cl refer to the Bonferroni correction showing the improvement (A) between each intervention and the basal barefoot condition

metatarsal pad

Fig. 2 Plantar pressure distribution. A Barefoot; B. Traditional stabilizing tape; C Fixtoe Device® without metatarsal pad; D Fixtoe Device® with

Table 3 Interventions'effect comparison

Pmax (Kpa) P-T (Kpa/s)

A Cohen’sd 95% CI p-value A Cohen’sd 95% Cl p-value
Stabilizing Tape vs. Fixtoe Device® -412 (£6.5) 145 081-208 <.0001 -88(£12) 186 1.19-254 <.0001
Stabilizing Tape vs. Fixtoe Device® w/metatarsal - 60.0 (£6.9) 2.36 162-3.1 <0001 -119(£13) 253 1.77 =328 <.0001
pad
Fixtoe Device® vs. Fixtoe Device® w/metatarsal - 189 (+53) 0.82 0.23-141 .005 -3.1(x£09 068 0.1-1.26 .009

pad

Pmax Maximal pressure, A mean difference, 95% Cl 95% Cohen’s d confidence interval, P/T pressure-time integral. Mean (& SEM)

individuals. However, the effect of the Fixtoe Device®

interventions was higher than with the traditional second
metatarsophalangeal joint stabilizing taping technique
described by Yu et al [35].

The greatest A was observed in the Fixtoe Device
with metatarsal pad intervention. The lowest A was
observed when placing the stabilizing tape. However, the
most important variation in A among the interventions
was observed when placing the Fixtoe Device® without
a metatarsal pad relative to the tape intervention. This

®

intervention showed a strong size effect. When adding
the metatarsal pad to Fixtoe Device® a low variation in
A was seen. The size effect of this intervention was mod-
erate. Since we are the first to evaluate the effectiveness
of this novel stabilization device, we cannot compare our
data to previous studies.

The results we obtained with the Fixtoe Device® are
similar to those reported by other authors when plac-
ing horseshoe discharges and metatarsal domes under
central (second and third) metatarsal heads in a healthy
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population [8]. Reduction of peak pressure and the
pressure—time integral values were obtained in both
situations. Horseshoe discharges and metatarsal domes
also showed positive results when investigating pain
relief [1, 8, 13, 15, 19, 31]. The research by Poon and
Love showed custom-made orthosis with metatarsal
dome reduced plantar pressure under central metatarsal
heads by up to 13% in metatarsalgia patients [31].

Nordisen et al. also reported a significant peak pres-
sure decrease when placing a metatarsal dome (8.4%
reduction) under the first metatarsophalangeal joint in
asymptomatic pes planuspatients, which was the most
effective in comparison with other discharge pads [29].
Guldemond et al. found the effectiveness of the metatar-
sal dome in the reduction of peak pressure was higher
when combined with a higher arch slope on customized
insoles (18% versus 39% compared to the plain insole
condition) [10].

Even though we did not evaluate it, we understand the
placement of Fixtoe Device® might not have a relevant
influence on the obtained data. While the effectiveness
of other devices, such as discharges or metatarsal domes,
depends on the precision of their placement in relation
to the metatarsophalangeal joints, as Landorf et al. and
Martinez-Santos et al. recently pointed out [22, 27]. Hast-
ings et al. found that maximal peak pressure reduction
(32+16%) was achieved when the metatarsal dome was
placed 6.1 to 10.1 mm proximal to the plantar aspect of
the metatarsal head [13]. This location is highly variable.
Therefore, we recommend that the placement of metatar-
sal domes is assessed individually [2, 10, 12, 22, 26, 27].

Our results show that the combination of both com-
ponents of Fixtoe Device® was the intervention that
generated the lowest values in the peak of pressure and
pressure—time integral. Previous studies have shown a
decrease in the forefoot’s load when placing cushioning
materials (e.g., different Poron® and Plastazote combina-
tions and foams) under the metatarsal heads [5, 12, 17].
Not only during normal gait, but also when running,
metatarsal cushioning pads have been shown to produce
a peak plantar pressure decrease in the forefoot, as Hahni
et al. reported using instrumented insoles on their inves-
tigation in healthy recreational runners [12]. Our work
supports that the placement of cushioning materials
underneath the metatarsal heads — the cushioning meta-
tarsal pad included in Fixtoe Device®- generates a larger
reduction in the studied values in that area.

Nevertheless, we did not investigate the isolated effect
of cushioning materials. Dominguez et al. found that the
placement of different isolated absorbing energy materi-
als (Pedilastik®, Poron Medical®, or ]ogtene®) did not
decrease mean pressure in the forefoot area or under the
metatarsal heads, which they associated with the need to
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combine them with a discharge fenestration [5]. Given
our results, the combination of both effects — cushion-
ing and discharge — generated by Fixtoe Device® is more
effective at reducing the load in metatarsal heads.

In clinical practice, cushioning materials, discharges,
and metatarsal domes are not usually placed as an iso-
lated element inside the patients’ shoes or on the foot but
are included as elements of a complete foot orthosis. In
Spain, the approximate cost of the novel device for the
patient is around 45€, while the direct costs for a pair of
insoles are usually higher than 126€.

Furthermore, we analyzed the effect of the interven-
tions on the pressure—time integral. The relevance of
the pressure—time integral measures is well known,
and the duration of the load at a specific point might be
more relevant than the magnitude of the pressure itself.
Therefore, in the plantar aspect of the foot, the continu-
ous application of a mild pressure trough time would be
more significant than the brief application of higher pres-
sures in pain occurrence [28]. The possible relationship
between pressure—time integral and deformity progres-
sion likely supports the clinical relevance of our findings
in propulsive metatarsalgia patients, and further investi-
gations should address this.

Our results show that the placement of a stabilization
tape according to the traditional technique on the second
metatarsophalangeal joint reduced maximal plantar pres-
sure and pressure—time integral in the second metatarsal
head relative to the barefoot condition. This could be an
explanation for the clinical improvement seen with this
treatment by other authors [3, 18, 30, 35]. Nevertheless,
we did not find any other studies quantifying the effects
of the stabilization tape in terms of maximal pressure or
pressure—time integral. In general terms, we also believe
the elasticity and movable anchoring in the novel device
offers the patient an easier fitting than the traditional
tape.

This study has some limitations. In the first place, even
though the results of epidemiological studies are not
homogeneous, metatarsal pain seems to be more fre-
quent in middle-aged women [6, 9, 11, 33]. Regarding our
demographics, participants are younger, and gender dis-
tribution is nearly 50%. Due to the characteristics of the
sample, the results of this study might not be transferable
to real patients.

The pressure improvement achieved with Fixtoe
Device® seems to be associated with its greater thickness.
Nevertheless, future studies could also evaluate plantar
pressure variation after a possible thickness reduction
secondary to long-term use.

As a final reflection, we chose to carry out the inves-
tigation with healthy participants due to the availability
of the sample, and since we believed changes should be
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first seen in individuals without deformity or pain. Due
to the characteristics of the participants, even though we
found good results with regard to plantar pressure, future
work should evaluate the FixToe Device®s effectiveness
in patients with this alteration. Furthermore, our study
did not analyze certain characteristics of the novel device
that might have an influence on its effectiveness, such as
the possibility that its size, particularly when used with
the metatarsal pad, affects its correct placement, and the
possible need for a larger space inside the patients’ shoe-
wear. As such, future studies should verify the efficacy
of Fixtoe Device® in propulsive metatarsalgia patients,
including subjective measures, such as comfort with
the novel device, pain, or inflammation relief as a result
of measures in relationship with a decrease in maximal
plantar pressure, as other authors did before with meta-
tarsal pads [19].

To our knowledge, this is the first investigation prov-
ing the effectiveness of the recently developed Fixtoe
Device® in terms of plantar pressure modification, which
leads the way to its use in clinics.

Conclusions

The Fixtoe Device® reduces median maximal pressure
and median pressure—time integral under the second
metatarsal head in healthy young individuals. The Fixtoe
Device® shows higher effectiveness than the traditional
second metatarsophalangeal joint stabilizing taping
technique.

Abbreviations

MTP: Metatarsophalangeal; MTPJ: Metatarsophalangeal joint; IQR: Interquar-
tile range; BMI: Body mass index; FHL test: Functional hallux limitus test; STJ:
Subtalar joint; Pmax: Maximal pressure; 95% Cl: 95% Confidence interval; P/T:
Pressure-time integral.

Acknowledgements
The authors gratefully acknowledge the support of the staff and volunteers of
the Podiatry Clinic of the Complutense University of Madrid (Spain).

Authors’ contributions

MRR, RJMB and AMOG conceived the study and wrote the study protocol.
MRR and RJMB extracted the data. JLLM, IVM and CBL checked the
extracted data. MRR, AMOG and MCC analyzed the data. MRR wrote the
first draft of the manuscript and all authors contributed to the writing of
the final version. All authors have read and approved the published ver-
sion of the manuscript.

Funding

Fixtoe Device® employed in the current investigation were donated by FixToe
Company (Fixtoe Device SL, Elda, Spain). Funding body did not have any influ-
ence in the design of the study and collection, analysis and interpretation of
data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Page 7 of 8

Declarations

Ethics approval and consent to participate

Participants'verbal informed consent was obtained, and their rights were pro-
tected according to the study protocol approved by the Hospital Clinico San
Carlos Ethics Committee (Internal code: 20/065-E). The study was performed
in accordance with the ethical standards in the 1964 Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Facultad de Enfermerfa, Fisoterapia y Podologfa, Clinica Universitaria de
Podologfa, Universidad Complutense de Madrid, Instituto de Investigaciéon
Sanitaria del Hospital Clinico San Carlos (IdISSC), Edificio Facultad de Medicina.
Pabellon 1. Avda. Complutense s/n, 28040 Madrid, Spain. ?Area de Gobierno
de Tecnologias de la Informacion y Apoyo Técnico al Usuario — Investigacion,
Universidad Complutense de Madrid, Madrid, Spain.

Received: 27 December 2021 Accepted: 10 May 2022
Published online: 19 May 2022

References

1. Chang AH, Abu-Faraj ZU, Harris GF, Nery J, Shereff MJ. Multistep measure-
ment of plantar pressure alterations using metatarsal pads. Foot Ankle
Int. 1994;15:654-60. https://doi.org/10.1177/107110079401501205.

2. Chen WM, Lee SJ, Lee PV. Plantar pressure relief under the metatar-
sal heads: therapeutic insole design using three-dimensional finite
element model of the foot. J Biomech. 2015;48(4):659-65. https://doi.org/
10.1016/jjbiomech.2014.12.043.

3. Coughlin MJ. Subluxation and dislocation of the second metatar-
sophalangeal joint. Orthop Clin North Am. 1989;20:535-51 PMID:
2797749.

4. Danamberg HJ. Functional hallux limitus and its relationship to gait
efficiency. J Am Podiatr Med Assoc. 1986;76(11):648-52. https://doi.org/
10.7547/87507315-76-11-648.

5. Dominguez G, Paris-Garcia F, Carrasco L. La efectividad de los materiales
de amortiguacion usados en las ortesis plantares para el tratamiento de
las sobrecargas metatarsales. Rev Andal Med Deporte. 2016;9(4):148-53.
https://doi.org/10.1016/j.ramd.2015.04.005.

6. Espinosa N, Maceira E, Myerson MS. Current concept review: metatarsal-
gia. Foot Ankle Int. 2008;29(8):871-9. https://doi.org/10.3113/FAl.2008.
0000X.

7. Ferguson CJ. An Effect Size Primer: A Guide for Clinicians and Researchers.
Prof Psychol Res Pract. 2009;40(5):532-8. https://doi.org/10.1037/a0015808.

8. Gatt A, Briffa A, Chockalingam N, Formosa C. The Applicability of Plantar
Padding in Reducing Peak Plantar Pressure in the Forefeet of Healthy
Adults. Implications for the Foot at Risk. J Am Podiatr Med Assoc.
2016;106(4):246-51. https://doi.org/10.7547/15-025.

9.  Gill TK, Menz HB, Landorf KB, Arnold JB, Taylor AW, Hill CL. Identification of
Clusters of Foot Pain Location in a Community Sample. Arthritis Care Res
(Hoboken). 2017;69(12):1903-8. https://doi.org/10.1002/acr.23212.

10. Guldemond NA, Walenkamp GH, Leffers P, Nieman F. The effect of insole
configurations on plantar pressure in diabetic patients with neuropathic
feet. Clin Biomech. 2000,23(5):707-8. https://doi.org/10.1016/j.clinb
iomech.2008.03.052.

11. Gutteck N, Schilde S, Delank KS. Pain on the Plantar Surface of the Foot.
Dtsch Arztebl Int. 2019;116(6):83-8. https://doi.org/10.3238/arztebl.2019.
0083.

12. Hahni M, Hirschmller A, Baur H. The effect of foot orthoses with
forefoot cushioning or metatarsal pad on forefoot peak plantar pressure
in running. J Foot Ankle Res. 2016;16(9):44. https://doi.org/10.1186/
$13047-016-0176-z.


https://doi.org/10.1177/107110079401501205
https://doi.org/10.1016/j.jbiomech.2014.12.043
https://doi.org/10.1016/j.jbiomech.2014.12.043
https://doi.org/10.7547/87507315-76-11-648
https://doi.org/10.7547/87507315-76-11-648
https://doi.org/10.1016/j.ramd.2015.04.005
https://doi.org/10.3113/FAI.2008.0000X
https://doi.org/10.3113/FAI.2008.0000X
https://doi.org/10.1037/a0015808
https://doi.org/10.7547/15-025
https://doi.org/10.1002/acr.23212
https://doi.org/10.1016/j.clinbiomech.2008.03.052
https://doi.org/10.1016/j.clinbiomech.2008.03.052
https://doi.org/10.3238/arztebl.2019.0083
https://doi.org/10.3238/arztebl.2019.0083
https://doi.org/10.1186/s13047-016-0176-z
https://doi.org/10.1186/s13047-016-0176-z

Ruiz-Ramos et al. BMC Musculoskeletal Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(2022) 23:475

Hastings MK, Mueller MJ, Pilgram TK, Lott DJ, Commean PK, Johnson

JE. Effect of metatarsal pad placement on plantar pressure in people
with diabetes mellitus and peripheral neuropathy. Foot Ankle Int.
2007;28(1):84-8. https://doi.org/10.3113/FA1.2007.0015.

Hodes A, Umans H. Metatarsalgia. Radiol Clin N Am. 2018;56(6):877-92.
https://doi.org/10.1016/j.rcl.2018.06.004.

Hodge MC, Bach TM, Carter GM. novel Award First Prize Paper. orthotic
management of plantar pressure and pain in rheumatoid arthritis. Clin
Biomech (Bristol, Avon). 1999;14:567-75. https://doi.org/10.1016/50268-
0033(99)00034-0.

Hopson MM, McPoil TG, Cornwall MW. Motion of the first metatar-
sophalangeal joint Reliability and validity of four measurement tech-
niques. J Am Podiatr Med Assoc. 1995;85(4):198-204. https://doi.org/10.
7547/87507315-85-4-198.

House CM, Waterworth C, Allsopp AJ, Dixon SJ. The influence of simu-
lated wear upon the ability of insoles to reduce peak pressures during
running when wearing military boots. Gait Posture. 2002;16(3):297-303.
https://doi.org/10.1016/50966-6362(02)00021-8.

Jordan M, Thomas M, Fischer W. Nonoperative treatment of a lesser toe
plantar plate tear with serial MRI follow-up: a case report. J Foot Ankle
Surg. 2017;56:857-61. https://doi.org/10.1053/j jfas.2017.02.016.

Kang JH, Chen MD, Chen SC, Hsi WL. Correlations between subjective
treatment responses and plantar pressure parameters of metatarsal pad
treatment in metatarsalgia patients: a prospective study. BMC Musculo-
skelet Disord. 2006;5(7):95. https://doi.org/10.1186/1471-2474-7-95.
Kinter CW, Hodgkins CW. Lesser Metatarsophalangeal Instability: Diagno-
sis and Conservative Management of a Common Cause of Metatarsalgia.
Sports Health. 2020;12(4):390-4. https://doi.org/10.1177/1941738120
904944.

Kirby KA. Methods for determination of positional variations in the subta-
lar joint axis. J Am Podiatr Med Assoc. 1987;77(5):228-34. https://doi.org/
10.7547/87507315-77-5-228.

Landorf KB, Ackland CA, Bonanno DR, et al. Effects of metatarsal domes
on plantar pressures in older people with a history of forefoot pain. J Foot
Ankle Res. 2020;13:18. https://doi.org/10.1186/513047-020-00388-x.
Lenhard W, Lenhard A. Calculation of Effects Sizes. Dettelbach: Psycho-
metrica; 2016. https://doi.org/10.13140/RG.2.2.17823.92329.
Lépez-Moral M, Molines-Barroso RJ, Alvaro-Alfonso FJ, Uccioli L, Sen-
neville E, Lazaro-Martinez JL. Importance of footwear outsole rigidity

in improving spatiotemporal parameters in patients with diabetes and
previous forefoot ulcerations. J Clin Med. 2020;9(4):907. https://doi.org/
10.3390/jcm9040907.

Maceira E, Monteagudo M. Mechanical Basis of Metatarsalgia. Foot Ankle
Clin. 2019,24(4):571-84. https://doi.org/10.1016/}.fc|.2019.08.008.
Mannikkd K, Sahlman J. The Effect of Metatarsal Padding on Pain and
Functional Ability in Metatarsalgia. Scand J Surg. 2017;106(4):332-7.
https://doi.org/10.1177/1457496916683090.

Martinez-Santos A, Preece S, Nester CJ. Evaluation of orthotic insoles for
people with diabetes who are at-risk of first ulceration. J Foot Ankle Res.
2019;12:35. https://doi.org/10.1186/513047-019-0344-z.

McPoil TG, Hunt GC. Evaluation and management of foot and ankle
disorders: present problems and future directions. J Orthop Sports Phys
Ther. 1995;21(6):381-8. https://doi.org/10.2519/jospt.1995.21.6.381.
Nordsiden L, Van Lunen BL, Walker ML, Cortes N, Pasquale M, Onate JA.
The effect of 3 foot pads on plantar pressure of pes planus foot type. J
Sport Rehabil. 2010;19(1):71-85. https://doi.org/10.1123/jsr.19.1.71.
Ojofeitimi S, Bronner S, Becica L. Conservative management of second
metatarsophalangeal joint instability in a professional dancer: a case
report. J Orthop Sports Phys Ther. 2016;46:114-23. https://doi.org/10.
2519/jospt.2016.5824.

Poon C, Love B. Efficacy of foot orthotics for metatarsalgia. Foot.
1997;7:202-4. https://doi.org/10.1016/50958-2592(97)90036-5.

Smith BW, Coughlin MJ. Disorders of the lesser toes. Sports Med Arthrosc
Rev. 2009;17(3):167-74. https://doi.org/10.1097/JSA.0b013e3181a5cd?26.
Thomas MJ, Roddy E, Zhang W, Menz HB, Hannan MT, Peat GM. The
population prevalence of foot and ankle pain in middle and old age: A
systematic review. Pain. 2011;152(12):2870-80. https://doi.org/10.1016/j.
pain.2011.09.019.

Page 8 of 8

34. Trepman E, Yeo SJ. Nonoperative Treatment of Metatarsophalangeal Joint

35.

Synovitis. Foot Ankle Int. 1995;16(12):771-7. https://doi.org/10.1177/
107110079501601206.

Yu GV, Judge MS, Hudson JR, Seidelmann FE. Predislocation syndrome
Progressive subluxation/dislocation of the lesser metatarsophalangeal
joint. J Am Podiatr Med Assoc. 2002;92:182-99. https://doi.org/10.7547/
87507315-92-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3113/FAI.2007.0015
https://doi.org/10.1016/j.rcl.2018.06.004
https://doi.org/10.1016/s0268-0033(99)00034-0
https://doi.org/10.1016/s0268-0033(99)00034-0
https://doi.org/10.7547/87507315-85-4-198
https://doi.org/10.7547/87507315-85-4-198
https://doi.org/10.1016/s0966-6362(02)00021-8
https://doi.org/10.1053/j.jfas.2017.02.016
https://doi.org/10.1186/1471-2474-7-95
https://doi.org/10.1177/1941738120904944
https://doi.org/10.1177/1941738120904944
https://doi.org/10.7547/87507315-77-5-228
https://doi.org/10.7547/87507315-77-5-228
https://doi.org/10.1186/s13047-020-00388-x
https://doi.org/10.13140/RG.2.2.17823.92329
https://doi.org/10.3390/jcm9040907
https://doi.org/10.3390/jcm9040907
https://doi.org/10.1016/j.fcl.2019.08.008
https://doi.org/10.1177/1457496916683090
https://doi.org/10.1186/s13047-019-0344-z
https://doi.org/10.2519/jospt.1995.21.6.381
https://doi.org/10.1123/jsr.19.1.71
https://doi.org/10.2519/jospt.2016.5824
https://doi.org/10.2519/jospt.2016.5824
https://doi.org/10.1016/S0958-2592(97)90036-5
https://doi.org/10.1097/JSA.0b013e3181a5cd26
https://doi.org/10.1016/j.pain.2011.09.019
https://doi.org/10.1016/j.pain.2011.09.019
https://doi.org/10.1177/107110079501601206
https://doi.org/10.1177/107110079501601206
https://doi.org/10.7547/87507315-92-4
https://doi.org/10.7547/87507315-92-4

	Effectiveness of the  Fixtoe Device® in plantar pressure reduction: a preliminary study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Variables
	Clinical evaluation
	Main outcomes

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


